We consider the scenario, in which the new strong dynamics is responsible for the formation of the 125 GeV Higgs boson. The Higgs boson appears as composed of all known quarks and leptons of the Standard Model. The description of the mentioned strong dynamics is given using the ζ -regularization. It allows to construct the effective theory without ultraviolet divergences, in which the 1/Nc expansion works naturally. It is shown, that in the leading order of the 1/Nc expansion the mass of the composite h -boson is given by M h = mt/ √ 2 ≈ 125 GeV, where mt is the top -quark mass.
I. INTRODUCTION
In the present paper we suggest the scenario, in which the recently discovered 125 GeV h -boson [1, 2] is composite. According to the suggested model it is composed of all fermions of the Standard Model (SM). The scale of the hidden strong dynamics is supposed to be of the order of several TeV. We suppose, that the W and Z boson masses are determined by the condensate of the 125 GeV h -boson according to the Higgs mechanism [3, 4] . All Dirac fermion masses are determined by the h -boson as well. In the present paper we do not consider the Majorana masses at all and assume, that neutrinos have extremely small Dirac masses [5] . The low energy effective theory contains the fourfermion interaction [8] between all SM fermions. Our model differs from the conventional models with four -fermion interactions [6] , in which the top quark is condensed. The model of top -quark condensation was first suggested in [7] (and developed later in [9] [10] [11] [12] [13] ). The idea, that the Higgs boson may be composed of the known SM fermions was discussed even earlier, in [14] , together with the certain preon models (however, in [14] there was no emphasis in the dominating role of the top quark and the compositeness of the Higgs boson was considered together with the compositeness of quarks and leptons). There are two main aspects, in which the model discussed in the present paper differs from the conventional models of top -quark condensation:
1. The four -fermion interaction is non -local. It contains the form -factors G that correspond to the interaction between the composite Higgs boson and the pair fermion -antifermion. The formfactors depend on three scalar parameters of the dimension of mass squared: q 2 , p 2 , k 2 , where p and k are the 4 -momenta of the fermion and anti -fermion while q = p − k is the 4 -momentum of the composite scalar boson. G(p, k) = g(q 2 , p 2 , k 2 ) are different for different fermions at large distances (both time -like and space -like), i.e. if at least one of the quantities |q 2 |, |p 2 |, |k 2 | is much smaller, than the Electroweak scale M Z ≈ 90 GeV. However, at small space -like and time -like distances (i.e. for |q 2 | ∼ |p 2 | ∼ |k 2 | ∼ M 2 Z ) those form -factors become equal for all SM fermions. Unlike for the other fermions the mentioned form -factor for the top -quark is assumed to be independent of momenta. 2. Our model with the four -fermion interaction is not renormalizable. Therefore, it is the effective theory only and its output strongly depends on the regularization scheme. Contrary to the approach of the mentioned above papers on the top -quark condensation models we do not use the conventional cutoff regularization. We use zeta regularization [15, 16] . It allows to construct the effective theory without any ultraviolet divergencies.
The 1/N c expansion is a good approximation within our effective theory. This is because the dangerous ultraviolet divergences are absent. This is well -known, that these divergences break the 1/N c expansion in the NJL models defined in ordinary cutoff regularization. For example, in [17] it is shown, that when the ultraviolet cutoff is much larger, than the generated masses, the next to leading order 1/N c approximation to various quantities does not give the corrections smaller, than the leading one. However, this occurs because of the terms that are formally divergent in the limit of infinite cutoff. Therefore, in the regularization, that is free from divergences the next to leading approximation is suppressed by the factor 1/N c compared to the leading approximation. Moreover, for the calculation of various quantities related to the extra high energy processes (the processes with the characteristic energies much larger, than m t ) the next -to leading order approximation is suppressed by the factor 1/N total , where N total = 24 is the total number of the Standard Model fermions (the color components are counted as well, so that we have N total = 3 generations × (3 colors + 1 lepton) × 2 isospin components = 24).
Zeta regularization [15, 16] provides the natural mechanism of cancelling the unphysical divergent contributions to various physical quantities in the field theories. For example, being applied to quantum hydrodynamics it provides the absence of the unphysical divergent contributions to vacuum energy due to the phonon loops. The latter are known to be cancelled exactly by the physics above the natural cutoff of the hydrodynamics [18] . If zeta regularization is applied to quantum hydrodynamics, those divergences do not appear from the very beginning. The cancellation of the mentioned divergences in quantum hydrodynamics occurs due to the thermodynamical stability of vacuum [18] . That's why zeta regularization is the natural way to incorporate the principle of the thermodynamical stability of vacuum already at the level of low energy approximation (i.e. at the level of the hydrodynamics). It was suggested to apply the similar principles of stability to subtract divergences from the vacuum energy in the quantum theory in the presence of gravity [19] and to subtract quadratic divergences from the contributions to the Higgs boson masses in the NJL models of composite Higgs bosons [20] [21] [22] [23] . Now we understand, that the zeta regularization allows to implement such principles of stability to various theories in a very natural and common way. That's why this regularization may appear to be not only the regularization, but the essential ingredient of the quantum field theory.
The approach presented in the given paper allows to derive the relation M t . Those models admit the appearance of the 125 GeV h -boson and predict the existence of its Nambu partners [21] [22] [23] . The approach of the present paper predicts the only composite Higgs boson with the observed mass around m t / √ 2 ≈ 125 GeV. The paper is organized as follows. In Section II we define the model under consideration. In Section III we present the effective action and evaluate physical quantities (the practical calculations using zeta regularization are placed in Appendix). In Section IV we end with the conclusions.
II. THE MODEL UNDER CONSIDERATION

A. Notations
SM fermions carry the following indices:
1. Weil spinor indices. We denote them by large Latin letters A, B, C, ... 
B. The action
In our consideration we neglect gauge fields. The partition function has the form:
By ψ we denote the set of all Standard Model fermions. The action S = d 4 xψi∂γψ + S I contains two terms. The first one is the kinetic term. The second one is related to the hidden strong interaction between the SM fermions, that results in the appearance of the additional four -fermion non -local interaction term
Here M 2 I is the dimensional parameter (it will be shown below that it's bare value is negative and is around M
2 ). Functions G a a (y 1 − z, y 2 − z) for a = U, D, N, E are the form -factors mentioned in the introduction defined in coordinate space (Ḡ a a means complex conjugation, ǫ ab is defined in such a way, that ǫ 12 = −ǫ 21 = 1). In momentum representation we have
Here V is the four -volume. Fermion fields in momentum space are denoted as 
. In principle, we may consider the real -valued form -factors
we would arrive at the real -valued form -factors in momentum space. We imply that Eq. (II.6) is valid for the complex -valued p 2 , q 2 , k 2 in the upper half of the complex plane. Besides, we require, that for the the top quark
for any p, k. We may choose, for example,
with some constants α, β, γ, λ such that
We may also interpolate the Form -factors as follows (for all fermions except for the top -quark):
Let us introduce the auxiliary scalar SU (2) doublet H. The resulting action receives the form
In momentum space we have:
where 
This will allow us to evaluate loop integrals using the Euclidean expressons (see Appendix). It is worth mentioning, that the invariance of Eq.(II.11) under the Wick rotation is seen directly in the form of the Form -factors of Eq. (II.8).
C. Fermion masses
In the following we fix Unitary gauge H = (v + h, 0) T , where v is vacuum average of the scalar field. We denote the Dirac 4 -component spinors in this gauge corresponding to the SM fermions by ψ a a . We omit angle degrees of freedom to be eaten by the gauge bosons. In this gauge the propagator Q a a , a = U, D, N, E of the SM fermion has the form:
For each fermion except for the top -quark there is the pole of this propagator at |p
For the top quark we have m 3 U = v. The value of v is to be calculated using the gap equation that is the extremum condition for the effective action as a function of h. The effective action of Eq. (II.10) can be rewritten as
where M is the mass matrix. It is diagonal, with the diagonal components m a a (a = U, D, N, E; a = 1, 2, 3) given by κ a a v. We use here the following notation for the h -dependent operatorĜ h :
This operator is hermitian as follows from the condition G(x, y) =Ḡ(y, x). We imply, that the h -boson of Eq. (II.10) is responsible for the formation of masses of W and Z bosons. Here and below we omit indices a, a for G and κ. The sum over these indices is implied in the following expressions. G and κ are considered as the diagonal matrices with the diagonal elements G 
III. EFFECTIVE LOW ENERGY ACTION AND THE EVALUATION OF PHYSICAL QUANTITIES.
A. Effective action for the h -boson. Gap equation and Higgs boson mass.
The effective action for the theory with action Eq. (II.14) as a function of the field h is obtained as a result of the integration over fermions. In zeta regularization this effective action is calculated in Appendix up to the terms quadratic in h. This corresponds to the leading 1/N c approximation.
The total one -loop effective action for the h -boson receives the form:
where
According to our supposition κ t = 1, and the mass of the top -quark is given by v = m t . Here we neglect the imaginary part of the effective action that is much smaller, than the real part for the momenta squared of the h -boson smaller, than 4m
t the decay of the h -boson into the pair tt should be taken into account through the imaginary part of effective action.
Recall, that the resulting expressions for various quantities in zeta -regularization contain the scale parameter µ. We identify this parameter with the typical scale of the interaction that is responsible for the formation of the composite Higgs boson. Below it will be shown, that the value of µ consistent with the observed masses of Higgs, W, and Zbosons is µ ≈ 5 TeV.
The vacuum value v of H satisfies gap equation
Then we get the negative value for the bare mass parameter of the four -fermion interaction:
This negative value M We may consider Eq. (III.1) as the low energy effective action at most quadratic in the scalar field. There exists the effective action written in terms of the field H. It should contain the λ|H| 4 term in order to provide the nonzero vacuum average H = (v, 0)
T . Comparing the coefficients at the different terms of this effective action with that of Eq. (III.1) we arrive at
Here the gauge fields of the SM are taken into account. As a result the usual derivative ∂ of the field H is substituted by the covariant one D = ∂ + iB with B = B In order to calculate gauge boson masses we need to substitute into Eq. (III.5) the SU (2) ⊗ U (1) gauge field B instead of iD and (v, 0) T instead of H. As a result we obtain the effective potential for the field B:
Here we denote
Up to the terms quadratic in B we get:
The renormalized vacuum average of the scalar field η should be equal to ≈ 246 GeV in order to provide the appropriate values of the gauge boson masses. In order to evaluate the gauge boson masses in the given model we cannot neglect nontrivial dependence of w( B 2 ) on B in Eq. (III.6). To demonstrate this let us evaluate the typical value of B that enters Eq. (III.6). Our calculation follows the classical method for the calculation of fluctuations in quantum field theory and statistical theory (see, for example, volume 5, paragraph 146 of [30] 2 ). This gives
That's why we arrive at the following expression for η
From here we obtain µ ∼ 5 TeV.
C. Branching ratios and the Higgs production cross -sections
The Higgs boson production cross -sections and the decays of the Higgs bosons are described by the effective lagrangian [27] :
Here G µν and A µν are the field strengths of gluon and photon fields, η the conventionally normalized vacuum average of the scalar field η ≈ 246 GeV. This effective lagrangian should be considered at the tree level only and describes the channels h → gg, γγ, ZZ, W W,bb,cc,τ τ . The fermions and W bosons have been integrated out in the terms corresponding to the decays h → γγ, gg, and their effects are included in the effective couplings c g and c γ (the similar constants in the SM are given by c g ≃ 1.03 , c γ ≈ −0.81, see [27] 
Z for all fermions except for the top quark. This reduces considerably the rates of the direct decays of the Higgs boson to light fermions. However, unlike the SM the values of c b , c c , c τ may differ from unity and are given by
The similar decay constants may be defined for all SM fermions: c f a
We assume, that these constants are not much larger than unity, so that the decays into the heavy fermions dominate like in the SM.
The consideration of constants c g and c γ is more involved. Those constants contain the fermion loops. Let us consider for the definiteness the constant c g (the consideration of c γ is similar). The contribution of each fermion (other than the top -quark) is given by the loop integral. The typical value of momentum circulating within the loop is of the order of the largest of the two external parameters: M H and m f . As a result we cannot neglect the form -
H ) for the light fermions compared to that of the top quark. Within this integral there are three fermion propagators and two vertices proportional to γ µ . We arrive at the expression that is proportional to m f that results in δc
g . We may estimate quantity δr g we use the expression for A f (τ ) given in Eq. (2.5) of [27] . We substitute into the expression the value
and multiply the resulting expression by the two factors:
and √ τ 0 (takes into account that we deal with δr
As it was explained above, we omitted the imaginary part of the logarithm. One can see, that the value δr g = δr (f ) g calculated in this way does not depend on the fermion flavor. This value ranges between ∼ −20 at M 0 = 10 GeV and ∼ 0 at M 0 = 35 GeV. We should notice that this is very rough evaluation that should be considered as the order of magnitude estimate only. The output from this estimate is that the expression for the quantity r g depends strongly on the particular form of the Form -factors, is negative and is of the order of ∼ −10. Nevertheless, we feel this instructive to give the estimate for c g using the particular form of r g of Eq. (III.12). Namely, the contributions of the top -quark, bottom quark and charm quark dominate. The ratio c g /c There certainly exists the choice of the form -factors such that the resulting expressions for c g , c γ match the present experimental constraints given by Fig. 12 of [28] and Fig. 47 of [29] . There is a hint in the present experimental results. The best fit to the ratio |c γ /c (SM) γ | reported by ATLAS is ∼ 1.2 while the best fit reported by CMS is ∼ 1.4. At the same time our rough estimate described above gives this ratio within the interval (1.0, 1.4) . The best fit to the ratio |c g /c (SM) g | reported by ATLAS is ∼ 1.0, the best fit reported by CMS is ∼ 0.7 while our estimate gives this ratio within the interval (0.0, 1.0).
We conclude, that in the model suggested here the branching ratios of Higgs decay into the light fermions, the branching ratio for the decay into two photons and the production cross -section for the process that goes through the gluon fusion gg → h depend strongly on the particular form of the Form -factors of Eq. (II.5). In the two latter cases the dependence on the particular form of the Form -factors and the potential deviation from the SM value is the most dramatic. Nevertheless, in this subsection we demonstrated, that the values of the branching ratios and production cross -sections can be made matching the present experimental constraints (given, for example, in [28] and [29] ) by a certain choice of the Form -factors.
IV. CONCLUSIONS AND DISCUSSION
In this paper we suggest, that there exists the hidden strong dynamics behind the formation of the 125 GeV Higgs boson. According to our scenario it is composed of all known SM fermions. The corresponding interaction has the form of the non -local four -fermion term of Eqs. (II.4), (II.5) . The scale of the given interaction between the SM fermions is of the order of µ ≈ 5 TeV. The form -factors entering this term of the action depend on the values of the fermion momenta p, k. At large values
2 all form -factors are equal to unity, and the interaction with real -valued excitation of the Higgs boson becomes identical for all SM fermions. In the opposite limit of small momenta the symmetry is lost, and the form -factors are different for different fermions. This allows to obtain the observed hierarchy of masses for quarks and leptons. The Higgs production cross -section and the branching ratios of the Higgs boson decay depend strongly on the particular form of the Form -factors. The most dramatic dependence is encoded in the constants c g , c γ of effective lagrangian Eq. (III.10) which are very sensitive to the new physics. These constants are related to the cross section of the Higgs boson production that goes through the gluon fusion and the branching ratio for the decay of the Higgs boson into two photons. A certain choice of the Form -factors gives the observable branching ratios and production cross -sections that do not deviate significantly from the SM values, and the present model matches existing experimental constraints. The further investigation of the LHC data may give more information and more strong constraints on the experimentally allowed dependence of the Formfactors g a a of Eq. (II.5) on the values of momenta. In our model the condensate of the composite h -boson is responsible for the fermion masses. This distinguishes it from the ones, in which the 125 GeV h -boson is responsible for the masses of W and Z while there are the sources of the fermion masses different from the h -boson (see, for example, [24] [25] [26] ). It is worth mentioning, that in the usual model of top -quark condensation [7] , the interaction scale was extremely high Λ ∼ 10 15 GeV while in our case the interaction scale is µ ∼ 5 TeV.
In order to define the effective theory with the interaction term of Eqs. (II.4), (II.5) we use zeta regularization that gives the finite expressions for the considered observables. Bare interaction term at the scale of µ is repulsive. However, the loop corrections provide the appearance of the condensate for the composite scalar field. This distinguishes our effective theory defined using zeta regularization from the models with the four -fermion interaction defined using the usual cutoff regularization. Gap equation appears as an extremum condition for the effective action considered as a function of the field h (represents the excitations of the composite scalar field above its condensate). The value of the Higgs boson mass M 2 H ≈ m 2 t /2 follows from the symmetry of the interaction term that takes place at small distances (i.e. large momenta
At these values of momenta we have the effective interaction term between the composite Higgs boson and the SM fermions of the form: Finally, we would like to remark, that the interaction term of the specific form Eq. (II.4) suggested here may be too idealized. The actual interaction between the fermions that leads to the formation of their masses may be more complicated. However, we expect that if Nature chooses the pattern of the composite Higgs boson suggested here, the interaction between the composite Higgs boson and the SM fermions should anyway have the form of Eq. (IV.1) at small enough distances. This is, probably, the main output of the present paper: we suggest to look carefully at the existing experimental data in order to confirm or reject the existence of the interaction of the form of Eq. (IV.1). 
A. Evaluation of the fermion determinant
Here we use the method for the calculation of various Green functions using zeta -regularization developed in [16] . In order to calculate the fermion determinant we perform the rotation to Euclidean space -time. It corresponds to the change:
The new gamma -matrices are Euclidean ones.) The resulting Euclidean functional determinant has the form:
Here ψ involves all SM fermions, M is the fermion mass matrix that originates from the condensate of h. The operator G h depends on the functions G(x, y) and h(x) and is given by Eq. (II.15). The transformation
We get the fermionic part of the Euclidean effective action:
It is worth mentioning, that in momentum space we have
In zeta -regularization we have:
At the end of the calculation s is to be set to zero. Here the dimensional parameter µ appears. We identify this dimensional parameter with the working scale of the interaction that is responsible for the formation of composite hboson. Further we expand:
B. One -point function
The part of the effective action that produces the one -point Green function of the field h is equal to
where Tr is over the spinor and flavor indices, N c = 3 is the number of colors. In the first row we take into account, that the momentum circulating within the fermion loop is of the order of the fermion mass m 
The typical value of momentum |Q| = Q 2 circulating within the loop may be estimated as J ∼
. From here we derive Q ∼ M . This distinguishes dramatically zeta regularization from the usual cutoff regularization, where the typical value of momentum circulating within the divergent fermion loop becomes of the order of the ultraviolet cutoff instead of the natural internal parameter of the theory (such as the fermion mass).
As a result we substitute g(0, −Q 2 , −Q 2 ) ≈ κ according to our basic supposition about the Formfactors g.
C. Two -point Green function in Euclidean region
The part of the effective action that produces the two -point Green functions of the field h is equal to
. Below we calculate these three terms separately. In this subsection we shall be interested in the values of Π(−P 2 ) in the Euclidean region
H that correspond to the space -like fourmomentum of the Higgs field in space -time of Minkowsky signature. This will be required for the estimate of the values of the form -factors g a a in what follows. In the next subsection we shall discuss the analytical continuation of the obtained results to the negative values of P 2 that correspond to the time -like four -momenta of the field h. Π (1) corresponds to the term in V proportional toĜ h squared.
where Tr is over the spinor and flavor indices. Here the top quark dominates the sum, which follows from the properties of the Form -factors g because within the integral for the light fermions the typical values of momenta dominate that are much smaller, than m t . To see this we recall that |g(−P 2 , −(P + Q) 2 , −Q 2 )| ≤ 1 for each fermion. Therefore the absolute value of the contribution of each fermion with mass m f is not larger, than
Π (2) corresponds to V 2 and to the term in
We applied the transformation Q → Q − (1 − u)P . In the fermion loop in Π (2) the typical values of circulating momentum Q 2 are of the order of P 2 . This may be demonstrated in the similar way as done in Sect. IV B. Namely, in the region
H also the typical values of (Q + uP − P ) 2 and (Q + uP ) 2 are of the order of ∼ M 2 H . Therefore, we substitute g by unity into the integral for light fermions, and have the integral of the form Here we omit the fermion masses because for the light fermions m 2 is much smaller, than P 2 ∼ M 2 H . On the other hand J may be expressed through the typical value of momentum Q as J ∼ µ 2s Q 2s . From here we derive the typical value of momentum Q 2 ∼ P 2 u(1 − u) ∼ P 2 . This justifies the supposition, that all form -factors G may be substituted by unity in the expression for Π (2) . The other regions of momenta Q, where the values of the form -factors g are much smaller than 1 do not contribute essentially to the overall integral. Thus, we substitute g The last term corresponds to V 2 and to the contribution of 2MĜ h in V . It is evaluated for any values of P 2 in the way similar to that of Π (1) : . This quantity may be represented as the Euclidean loop integral for the external Euclidean momentum P 2 . For the simplicity we set P = 0 and P 2 = P 2 4 . The consideration of the parts Π (1) , Π (3) is the most simple one. The top -quark dominates in the resulting expressions for all values of P 2 . The result does not depend on momentum and is given by Eq. (IV.12) and Eq. (IV.16). In consideration of Π (2) we notice, that for P 2 ∼ M
